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A  new  technique  is  used  to  spatially  map  the  velocity  of  air-acetylene 
and  nitrous  oxide-acetylene  flames.  The  effects  of  fuel-to-oxidant  ratio 
and  flame  sheath  on  the  rise  velocity  are  presented. 

ABSTRACT 

'VWWWV 

A  recently  developed  technique  has  been  employed  to  map  the  spatial 
rise  velocity  profiles  (horizontal  and  vertical)  of  commonly  used  laminar 
analytical  flames  and  to  determine  the  influence  on  the  profiles  of  fuel- 
to-oxidant  ratio  and  the  presence  of  a  flame  sheath.  The  rise  velocities 
for  fuel-rich,  lean,  and  stoichiometric  flames  were  found  to  differ  sub¬ 
stantially,  the  entire  profile  being  greatest  for  the  fuel-rich  condition 
and  lowest  for  the  fuel-lean  flame.  In  addition,  the  change  in  rise  velocity 
with  the  addition  of  a  solid  (quartz  tube)  or  gas  (N2)  sheath  was  studied. 

The  flowing  sheath,  at  several  different  flow  rates,  affected  each  rise 
velocity  profile  principally  by  altering  atmospheric  entrainment  and  thereby 
changing  secondary  combustion  in  the  flame.  In  contrast,  a  solid  quartz 
tube  used  as  a  sheath  produces  an  additional  increase  in  the  entire  velocity 
profile  of  each  flame,  since  it  constrains  gas  expansion  to  the  direction 
of  flame  propagation.  The  degree  to  which  the  velocity  of  each  flame  is 
affected  by  a  sheath  is  strc..gly  influenced  by  fuel-to-oxidant  ratio. 
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INTRODUCTION 

'WWV/WV/WWi 

Analytical  flame  rise  velocity  is  important  from  both  a  practical  and 
fundamental  standpoint.  In  a  practical  sense,  the  flame  rise  velocity 
governs  the  amount  of  time  droplets  or  desolvated  particles  have  to  release 
their  vapor-phase  products  and  the  period  the  vapor  products  spend  in  the 
spectrometric  measurement  region.  Therefore,  analytical  sensitivity  and 
matrix  interferences  are  affected  by  the  rise  velocity.  In  fundamental 
studies  (1-3),  the  rise  velocity  acts  to  spatially  separate  the  events 
which  transpire  in  the  atom  formation  process.  If  the  spatial  rise  velocity 
is  known,  measurements  made  as  a  function  of  height  in  the  flame  can  be 
simply  related  to  time,  and  the  rates  of  various  atomization  events  can 
be  determined. 

Several  methods  have  been  devised  for  measurement  of  flame  rise  velocities 
(4-6).  However,  each  of  the  methods  has  its  drawbacks.  For  example,  the 
commonly  used  particle-track  method  (4)  relies  on  the  assumption  that  glowing 
particles  of  aluminum  or  other  metals  travel  at  the  same  velocity  as  the 
flame  gases.  Certainly,  there  is  an  error  due  to  gravitational  attraction 
acting  on  these  heavy  particles.  More  importantly,  detection  for  this 
method  generally  requires  photographic  analysis  of  the  glowing  particle 
tracks;  an  error  is  thereby  introduced  by  the  indistinct  ends  of  the  in¬ 
candescent  line  segments  that  are  photographed.  Also,  fine  spatial  reso¬ 
lution  is  not  possible  with  the  particle  track  method,  and  a  large  distri¬ 
bution  in  flame  rise  velocities  has  been  measured  with  the  technique.  A 
critical  evaluation  of  this  method  has  been  presented  by  Borgers,  et  aK 
(7). 
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Laser  doppler  velocimetry,  another  common  method  for  measuring  flame 
rise  velocity,  offers  good  spatial  resolution  (6),  but  requires  rather 
complicated  and  expensive  instrumentation. 

The  method  used  in  the  present  study  to  measure  flame  rise  velocity 
has  been  described  elsewhere  (8)  and  will  only  briefly  be  explained  here. 

In  this  method,  a  droplet  generator  (9,10)  is  used  to  inject  uniform  droplets 
into  the  flame;  when  desolvated  and  vaporized,  the  droplets  each  yield  a 
cloud  of  free  atoms  which  travels  with  the  flame  gases.  Earlier  studies 
(11)  have  shown  that  the  droplets  themselves,  and  therefore  the  atoms  they 
yield,  travel  at  a  velocity  indistinguishable  from  that  of  the  flame.  Spec- 
trometric  detection  of  the  time  it  takes  the  atoms  to  pass  two  well-defined 
locations  in  the  flame  then  gives  a  direct  measure  of  the  rise  velocity. 

There  are  several  advantages  of  this  measurement  technique.  First,  the 
method  relies  upon  vapor-phase  atoms  as  a  probe  and  therefore  avoids  the 
errors  caused  by  gravitational  attraction  of  heavy  particles.  Secondly, 
good  spatial  resolution  is  available,  which  allows  one  to  completely  char¬ 
acterize  the  rise  velocity  profile.  Finally,  the  technique  is  very  inex¬ 
pensive  to  implement  and  relatively  simple  to  operate. 

In  the  present  study,  this  new  method  was  used  to  record  complete 
maps  (profiles)  of  the  air-acetylene  flame  at  several  different  fuel-to- 
oxidant  ratios.  Variations  in  the  flame  rise  velocity  profiles  as  different 
sheaths  (N2  and  quartz  tube)  are  incorporated  around  the  flame  were  also 
studied.  In  addition,  the  radial  velocity  profile  for  a  nitrous  oxide- 
acetylene  flame  is  included. 
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EXPERIMENTAL 

WWWWXAAA. 

The  experimental  system  employed  in  these  studies  has  been  detailed 
in  several  previous  papers  (3,  8,  11)  and  a  schematic  diagram  of  the  detection 
system  incorporating  the  double  horizontal  slit  system  is  portrayed  in  Fig¬ 
ure  1  of  reference  3  or  11.  Droplets  were  introduced  into  the  flame  at  rates 
between  1-2  KHz  and  were  approximately  50  pm  diameter.  A  Meker-type  burner, 
used  to  support  both  the  air-acetylene  and  nitrous-oxide-acetylene  flames, 
was  mounted  on  a  translation  device  which  allowed  three-dimensional  spatial 
resolution.  A  constant  air  flow  rate  of  16.2  L/min  was  employed  for  all 
air-acetylene  flames.  The  acetylene  flow  was  set  at  1.60  L/min  (F/0  =  0.10), 
2. IS  L/min  (F/0  =  0.13),  and  2.70  L/min  (F/0  =  0.17)  for  the  fuel-lean, 
stoichiometric  and  fuel-rich  conditions,  respectively.  Nitrogen  flows  of 
either  2.30  L/min  or  3.80  L/min  were  used  when  the  flowing  flame  sheath  was 
employed;  the  solid  sheath  consisted  of  a  quartz  tube  3.5  cm  i.d.  x  35  cm 
high. 

The  physical  dimensions  and  structure  of  the  flames  were  examined  by 
Schlieren  photography.  The  experimental  arrangement  is  similar  to  that  of 
Saturday  (12)  except  for  the  light  source  which  is  here  a  point  source 
arc  lamp  (Ionics  Inc.,  Watertown,  MA) .  An  exposure  time  of  one  millisecond 
was  used  for  all  photographs.  With  this  exposure,  most  transient  variations 
or  perturbations  in  the  flame  structure  should  be  resolved  (13). 
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Radial  and  Vertical  Flame  Velocity  Profiles. 
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The  radial  velocity  profile  of  a  nitrous-oxide-acetylene  flame  under 
approximately  stoichiometric  conditions  is  shown  in  figure  1  (see  Figure  2 
of  reference  14  for  a  similar  profile  of  the  air-acetylene  flame) .  This 
profile  was  taken  approximately  6  cm  above  the  burner  top.  This  distance 
is  the  least  possible  with  the  present  measurement  method  because  of  the 
relatively  high  velocity  of  the  nitrous-oxide-acetylene  flame  and  the  amount 
of  time  required  for  the  large  droplets  50  ym)  used  here  to  desolvate 
and  vaporize.  The  asterisks  in  Figure  1  represent  the  average  rise  velocity 
measured  at  each  burner  location;  the  error  bars  represent  the  95%  confidence 
limits  and  show  the  overall  error  in  the  measurement  technique  to  be  about 
5%.  This  error  is  due  mainly  to  slight  fluctuations  in  the  droplet's  point 
of  entry  into  the  flame,  caused  by  surrounding  air  currents.  The  resulting 
instability  is  manifested  mostly  as  a  laterally-moving  vapor  cloud.  For¬ 
tunately,  this  lateral  movement  is  small  compared  to  the  incremental  trans¬ 
lation  steps  of  the  burner. 

The  dotted  line  in  Figure  1  is  obtained  from  a  second-order  polynomial 
fit  to  the  data.  Not  surprisingly,  a  computer  program  designed  to  choose 
the  best  order  for  the  polynomial  consistently  chose  second  order  for  these 
data  with  a  correlation  coefficient  of  99%  or  better. 

According  to  Figure  1,  there  is  an  approximately  40%  decrease  in  the 
rise  velocity  measured  at  the  edge  relative  to  the  center  of  the  flame. 
However,  the  limits  of  Figure  1  do  not  extend  completely  to  the  edge  of  the 
flame;  the  luminous  flame  boundary  is  at  least  1  mm  beyond  the  region  shown 
in  the  plot,  as  determined  b  photographic  observation  of  the  flame  and 
vapor  cloud.  Therefore,  the  actual  decrease  in  velocity  across  the  entire 


7 


luminous  body  of  the  flame  will  be  greater  than  the  measured  40%.  For  the 
laminar  flame  system  studied  here,  the  velocity  is  lowest  at  the  edge 
because  of  air  drag,  cooling,  and  dilution  of  the  gases.  In  the  center  of 
the  flame,  the  velocity  is  enhanced  by  the  change  in  preheating  of  the  flame 
gases  reaching  this  point  (15) . 

Figure  2  shows  the  vertical  velocity  profiles  for  a  stoichiometric  air- 
acetylene  flame  measured  both  in  the  radial  center  of  the  flame,  and  also 
2  mm  from  the  flame  edge.  Note  that  the  greatest  velocity  is  only  approxi¬ 
mately  10  m/s  for  the  air-acetylene  flame,  compared  to  about  16  m/s  for  the 
N20-acetylene  flame.  This  difference  can  be  attributed  mostly  to  the  lower  temperature 
of  the  air-supported  flame;  its  unburned  gas  flow  velocity  from  the  burner 
ports  is  actually  greater  than  that  for  the  nitrous-oxide/acetylene  flame. 

In  the  radial  center  of  the  air-acetylene  flame  (cf.  Fig.  2A),  the 
velocity  decreases  only  4%  over  the  observed  9  cm  vertical  distance.  How¬ 
ever,  the  velocity  changes  at  the  flame  edge  (cf .  Fig.  2B)  by  more  than  8%.  It 
is  reasonable  that  the  flame  edge  would  experience  a  greater  velocity  decrease 
than  the  center,  simply  because  dilution  and  cooling  of  the  gases  is  greater 
there.  Also,  the  effect  of  atmospheric  drag  is  more  prominent  at  the  flame 
edge  than  in  the  center. 

Effect  of  Fuel-to-Oxidant  Ratio 
vww\n/w\A/wvw\An/i/ww\/wwv\> 

Visually,  changes  in  the  fuel-to-oxidant  ratio  are  manifested  principally 
as  changes  in  the  physical  dimensions  and  stability  of  the  air-acetylene  flame. 

In  particular,  the  fuel-lean  flame  appears  thinner  and  more  feeble  than  the 
relatively  bulky,  stable  fuel -rich  flame.  These  visual  characteristics  are 
supported  by  changes  in  the  rise  velocity  for  each  flame  condition. 
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Figure  3  shows  velocity  profiles  for  fuel-lean  (curve  A,  F/0  =  0.10), 
stoichiometric  (curve  B,  F/0  =0.13)  and  fuel-rich  (curve  C,  F/0  =  0.17) 
air-acetylene  flames.  Each  velocity  profile  was  measured  at  approximately 
4  cm  above  the  burner  top.  Only  the  second-order  polynomial  fitted  to  each 
set  of  data  are  plotted  for  clarity;  all  polynomials  show  >.  99%  correlation 
to  the  measured  profiles.  The  velocity  profiles  for  the  fuel-rich  and  fuel- 
lean  flames  have  been  corrected  to  account  for  their  differences  in  total 
flow  of  unburnt  gases,  compared  to  the  stoichiometric  flame  flow.  In  partic¬ 
ular,  both  the  fuel-rich  and  fuel-lean  flames  represent  a  25%  change  in  the 
acetylene  flow  compared  to  that  in  the  stoichiometric  flame.  The  oxidant 
flow  is  the  same  in  all  three  cases. 

From  Figure  3,  the  fuel-lean  flame  is  approximately  13%  smaller  in 
diameter  than  the  stoichiometric  flame,  whereas  the  fuel-rich  flame  is  ap¬ 
proximately  7%  wider.  These  differences  in  flame  width  are  primarily  due 
to  the  amount  of  secondary  combustion  for  each  flame  condition.  The  fuel- 
rich  flame  also  shows  the  greatest  overall  velocity  primarily  because  of 
the  greater  degree  of  secondary  combustion  which  it  enjoys  over  the  other 
two  flames.  Significantly,  the  greater  velocity  of  the  fuel-rich  flame 
cannot  be  attributed  to  a  higher  temperature;  in  fact,  its  measured  line- 
reversal  temperature  is  less  than  that  of  the  stoichiometric  flame.  The 
temperature  of  the  fuel-lean  flame  is  also  somewhat  lower  than  that  of  the 
stoichiometric  flame  and  is  partially  responsible  for  its  lower  velocity 
profile.  The  fuel-lean  flame  shows  the  "flattest"  horizontal  profile  of 
the  three  flame  conditions,  primarily  a  result  of  its  limited  capacity  for 
secondary  combustion. 
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Effect  of  Flame  Sheath 

n/VAAA/WWWWWWWXAA, 

Many  studies  employ  either  a  solid  or  flowing-gas  sheath  around  the 
flame.  For  example,  an  argon  sheath  has  been  found  to  reduce  quenching 
effects  in  atomic  fluorescence  and  nitrogen  sheaths  are  commonly  employed 
to  increase  flame  stability  (16-19).  In  addition,  a  quartz  tube  has  been 
found  to  increase  stability  and  decrease  temperature  gradients  in  the  flame 
(20).  In  general,  the  sheath  serves  two  desirable  functions:  it  stabilizes 
the  flame  by  providing  a  barrier  against  external  disturbances  and  it  helps 
to  prevent  foreign,  atmospheric-born  contaminants  from  entering  the  flame 
(20).  It  has  also  been  suggested  that  the  quartz  tube  protects  the  flame 
from  "swirls"  in  the  surrounding  atmosphere,  so  that  the  flame  can  flow  in 
a  more  nearly  laminar  fashion  (20) . 

The  effect  of  a  quartz  tube  on  flame  velocity  is  suggested  in  the 
photographs  of  Figure  4.  In  Figure  4A,  a  stoichiometric  air-acetylene  flame 
burns  freely  into  the  atmosphere.  In  contrast.  Figure  4B  shows  the  same 
flame  with  a  quartz  tube  placed  around  it.  Clearly  the  sheath  alters  dra¬ 
matically  the  physical  dimensions  of  the  flame.  It  appears  that  flame  width 
and  "stiffness"  are  both  affected  by  a  flame  sheath  (the  physical  changes 
to  the  flame  when  a  flowing  gas  (N2)  sheath  is  employed  are  not  as  marked 
as  with  the  quartz  tube  but  are  still  apparent). 

Let  us  now  quantitatively  evaluate  the  effects  of  flowing-gas  and  quartz 
sheaths  by  examining  rise  velocity  profiles.  Again,  only  the  "fitted"  second- 
order  polynomial  for  each  profile  (>.  99%  correlation  coefficient)  will  be 


shown. 
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STOICHI OMETRIC  FLAME.  Figure  5  confirms  that  rise  velocity  is  strongly 
affected  by  a  flame  sheath.  Curve  5A  shows  the  velocity  profile  for  the 
stoichiometric  flame  (cf.  Fig.  3B)  burning  freely  into  the  atmosphere. 

Curves  B  and  C  are  the  profiles  obtained  when  the  flowing  N2  sheath  is 
used  at  flows  of  2.3  L/min  and  3.8  L/min,  respectively.  The  flowing 
sheath  is  seen  to  increase  substantially  the  rise  velocity  at  the  edges 
of  the  flame  15%)  with  no  experimentally  measurable  effect  in  the  center 
region. 

It  is  not  surprising  that  an  increase  in  velocity  would  result  from 
the  addition  of  the  flowing  gas  sheath.  The  sheath  offers  a  heated,  flowing 
boundary  to  the  burning  flame  gases,  resulting  in  less  atmospheric  drag 
and  heat  loss.  Moreover,  because  of  the  laminarity  of  the  flame,  the  radial 
center  is  affected  less  by  heat  loss  and  drag  than  is  the  flame  edge.  The 
similarity  between  the  two  profiles  with  different  nitrogen  flows  suggests 
that  reduced  heat  loss  is  the  dominant  reason  for  enhanced  flame-edge  velocity; 
reduced  air  drag  would  be  more  strongly  influenced  by  changes  in  sheath  gas 
flow  rates. 

As  Figure  5D  shows,  the  entire  rise  velocity  profile  is  increased  mark¬ 
edly  when  a  quartz  tube  surrounds  the  flame.  There  is  an  approximate  38% 
increase  in  velocity  at  the  flame  edge  and  about  a  7%  increase  in  the  radial 
center.  This  overall  increase  is  a  result  of  several  factors.  Primarily, 
the  flame  is  constrained  to  burn  in  a  reduced  volume  which  is  defined  by 
the  dimensions  of  the  quartz  tube.  Gas  expansion  during  secondary  combustion, 
which  is  normally  isotropic,  is  largely  restricted  to  the  vertical  direction, 
resulting  in  an  increased  overall  velocity  profile.  Also,  the  gases  are  ex- 
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panding  and  burning  in  a  confined  region  which  is  considerably  hotter  than 
the  ambient  atmosphere,  reducing  cooling  and  dilution  of  the  gases  at  the 
edges  of  the  flame.  As  a  result,  a  greater  fractional  velocity  increase 
occurs  at  the  edge  of  the  flame  than  at  its  center. 

Fuel -Rich  Flame.  Figure  6  shows  the  velocity  profiles  of  a  fuel -rich 
air-acetylene  flame  with  the  same  nitrogen  flow  conditions  and  quartz  tube 
used  with  the  stoichiometric  mixture  (cf.  Figure  5).  In  contrast  to  the 
stoichiometric  flame,  the  fuel-rich  flame  experiences  a  reduction  in  velocity 
when  the  nitrogen  sheath  (cf.  Figures  6B  and  6C)  is  added.  Significantly, 
the  profiles  of  the  N2-sheathed  fuel-rich  flame  (Figures  6B  and  6C)  are 
essentially  the  same  as  those  for  the  nitrogen-sheathed  stoichiometric 
flame  (Figures  5B  and  SC) .  From  this  result,  it  appears  that  the  N2  sheath 
acts  to  delay  (or  retard)  the  onset  of  secondary  combustion  by  shielding 
the  flame  from  atmospheric  oxygen.  It  is  not  unexpected  that  the  fuel- 
rich  flame,  in  the  absence  of  secondary  combustion,  approximates  the  stoi¬ 
chiometric  flame  conditions. 

A  quartz  tube  placed  around  the  fuel-rich  flame  is  again  found  to  increase 
the  entire  velocity  profile.  However,  unlike  for  the  stoichiometric  flame, 
the  increase  is  greatest  in  the  flame  center.  As  before,  the  overall  increase 
is  due  to  the  fixed  volume  and  hotter  walls  of  the  confining  tube.  However, 
the  greater  increase  in  the  center  compared  to  the  edges  is  probably  a  result 
of  reduced  air  entrainment  and  a  consequent  reduction  in  secondary  combustion 
at  the  flame  edge. 

Fuel-Lean  Flame.  For  the  fuel-lean  flame  (cf.  Figure  7),  a  nitrogen 
sheath  is  found  to  have  no  appreciable  effect  on  the  rise  velocity  profile. 
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It  is  proposed  here  that  this  independence  exists  because  the  nitrogen  sheath 
flows  beyond  the  boundary  of  the  fuel-lean  flame.  As  evident  from  Figure  3, 
the  fuel-lean  flame  has  a  radius  of  only  6.5  mm  and  is  narrower  than  either 
the  fuel -rich  or  stoichiometric  flame.  However,  the  burner  holes  which  form 
the  sheath  ports  are  positioned  approximately  8.5  mm  out  from  the  burner 
center.  Therefore,  there  is  about  a  2  mm  void  between  the  flame  edge  and 
the  flowing  N2  sheath. 

As  with  the  stoichiometric  flame,  a  quartz  tube  sheath  increases  the 
velocity  of  the  fuel-lean  flame  more  at  the  edges  than  in  the  center.  There¬ 
fore,  for  flame  conditions  in  which  secondary  combustion  is  not  influential, 
the  quartz  tube  serves  primarily  to  reduce  atmospheric  drag  and  heat  loss. 

The  magnitude  of  the  velocity  increase  is  less  for  the  fuel-lean  than  for 
the  stoichiometric  flame  probably  because  of  the  smaller  diameter  of  the 
former  flame. 

Schlieren  Studies 

VWWWWWMAM, 

Schlieren  photography  was  used  to  study  physical  changes  in  the  flame's 
structure  caused  by  the  different  sheaths.  Figure  8  shows  Schlieren  photo¬ 
graphs  of  the  fuel-rich  air-acetylene  flame;  remarkably,  little  structure 
(turbulence)  is  observed,  indicating  the  high  degree  of  laminarity  of  the 
flame.  Figure  8A  shows  the  unsheathed  flame;  Figures  8B  and  8C  represent 
the  same  flame  with  the  nitrogen  sheath  added  at  2.3  and  3.8  L/min,  respec¬ 
tively,  and  Figure  8D  shows  the  quartz-sheathed  flame. 


Clearly,  none  of  the  sheaths  upset  the  laminarity  of  the  flame,  al¬ 
though  slight  physical  changes  appear  in  the  flame  structure  near  the  pri- 
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mary  combustion  region.  Specifically,  in  Figure  8B,  horizontal  gas  expansion 
and  secondary  combustion  appear  to  be  restricted  directly  above  the  burner 
top.  The  effect  is  even  more  evident  in  Figure  8C  where  the  narrow  region 
at  the  flame  base  extends  farther  from  the  burner  top.  Apparently,  the  flowing 
nitrogen  sheath  boundary  is  strong  enough  to  control  the  burning  conditions 
for  a  substantial  distance.  This  result  can  be  correlated  with  the  measured 
decrease  in  the  velocity  of  the  fuel-rich  flame  (cf.  Figure  6) .  Gas  expansion 
due  to  secondary  combustion  is  delayed  because  of  the  strong  shielding  effect 
of  the  N2  sheath. 

Figure  8D  shows  the  same  fuel-rich  flame  with  the  quartz  tube  placed 
approximately  one  centimeter  above  the  burner  top.  It  is  impossible  to 
observe  the  flame  structure  inside  the  tube  because  of  the  tube  curvature. 
However,  the  flame  appears  to  taper  as  it  enters  the  tube,  indicating  a 
"chimney"  effect.  This  constriction  of  the  flame  gases  is  partially  re¬ 
sponsible  for  the  observed  increase  in  rise  velocity  (cf.  Figure  6D) .  Again, 
the  primary  reasons  for  increased  velocity  are  believed  to  be  the  reduced 
volume  and  hot  walls  of  the  quartz  tube. 

Figure  9  shows  the  effect  of  excessively  high  nitrogen  sheath  flow. 

This  Schlieren  photograph  is  for  the  same  fuel-rich  flame  shown  in  Figure  8 
except  that  the  nitrogen  sheath  flow  rate  has  been  increased  to  7  L/min. 
Obviously,  the  high  sheath  flow  has  generated  substantial  turbulence  through¬ 
out  most  of  the  flame.  Figure  9  also  indicates  that  the  lack  of  structure 
in  the  photographs  of  Figure  8  is  not  an  experimental  artifact,  but  rather 
indicates  a  high  degree  of  laminarity.  In  addition,  this  figure  dramatizes 
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the  effect  of  inhibiting  the  secondary  combustion  process.  The  width  of  the 
flame  is  confined  to  the  boundaries  defined  by  the  nitrogen  sheath  for  some 
distance  above  the  burner  top.  This  situation  approaches  that  of  the  so- 
called  separated  flame  (21).  Separated  flames  have  found  some  utility  in 
atomic  spectroscopy,  but  have  not  become  widely  accepted  because  of  their 
large  gas  consumption  and  increased  turbulence. 

Schlieren  photographs  were  also  recorded  for  the  other  two  flame  gas 
compositions  studied  in  this  paper  (stoichiometric  and  fuel-lean);  similar 
results  were  observed  for  the  stoichiometric  flame  as  seen  in  Figure  8. 
However,  the  fuel-lean  flase  was  not  significantly  affected  by  the  N2  sheaths, 
supporting  the  contention  that  the  sheath  flows  beyond  the  flame  boundary. 


CONCLUSION 

n/\/vw\A/wv 

The  rise  velocity  of  an  acetylene  flame  is  found  to  be  strongly  affected 
by  changes  in  both  gas  composition  and  flame  environment.  From  the  changes 
observed  in  the  velocity  profiles,  it  appears  that  a  flame  sheath  not  only 
acts  to  stabilize  the  flame,  as  previously  believed,  but  also  substantially 
affects  burning  parameters.  Changes  in  the  fuel -to-oxidant  ratio  alter  the 
influence  of  a  flame  sheath,  with  fuel-lean  flames  being  affected  least  by 
the  presence  of  either  a  flowing  gas  or  solid  (quartz  tube)  sheath. 
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Figure  1. 


Figure  2. 


Figure  3. 


Figure  4. 


Figure  5. 


FIGURE  CAPTIONS 

'WWWUWWWVA. 

Radial  velocity  profile  of  a  nitrous  oxide-acetylene  flame. 

*  5  measured  velocity.  Dotted  line  obtained  through  second- 
order  curve  fit  with  >.  99%  correlation.  Error  bars  represent 
95%  confidence  limits. 

Vertical  velocity  profiles  for  air-acetylene  flame. 

A  =  velocity  measured  in  the  radial  center  of  the  flame. 

B  =  the  velocity  measured  2  mm  from  the  flame  edge. 

Error  bars  represent  95%  confidence  limits. 

Radial  velocity  profiles  of  air-acetylene  flames  with  dif¬ 
ferent  fuel-to-oxidant  ratios.  Curve  A,  F/0  =0.10  curve  B, 
F/0  =  0.13,  and  curve  C,  F/0  =  0.17.  Curves  obtained  from 
second-order  polynomial  fit  to  measured  data  for  each  flame 
condition. 

Photographs  of  the  air-acetylene  flame  without  (A)  and  with  (B) 
a  solid  flame  sheath  (quartz  tube) .  Streak  in  each  flame 
results  from  the  emission  of  Na  droplets  introduced  using 
a  droplet  generator. 

Rise  velocity  p  afilcs  of  a  stoichiometric  (F/0  =  0.13)  air- 
acetylene  flame.  Curve  A,  no  sheath;  Curve  B,  flowing 
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nitrogen  sheath  at  2.3  L/min;  Curve  C,  flowing  nitrogen 
sheath  at  3.8  L/min;  and  Curve  D,  quartz  tube  used  as  flame 
sheath . 

Figure  6.  Rise  velocity  profiles  of  a  fuel-rich  (F/0  =0.17)  air- 
acetylene  flame.  Curve  A,  no  sheath;  Curve  B,  flowing 
N2  sheath  at  2.3  L/min;  Curve  C,  flowing  N2  sheath  at 
3.8  L/min;  and  Curve  D,  quartz  tube  used  as  flame  sheath. 

Figure  7.  Rise  velocity  profiles  of  a  fuel-lean  (F/0  =0.10)  air- 

acetylene  flame.  Curve  A,  no  sheath;  Curve  B,  N2  sheath  = 
2.3  L/min;  Curve  C,  N2  sheath  =  3.8  L/min,  and  Curve  D, 
quartz  tube  used  as  sheath. 

Figure  8.  Schlieren  photographs  of  a  fuel -rich  (F/0  =0.17)  air- 
acetylene  flame.  Curve  A,  flame  burning  freely  into 
atmosphere;  no  sheath;  Curve  B,  N2  sheath  =2.3  L/min; 

Curve  C,  N2  sheath  =3.8  L/min;  and  Curve  D,  quartz  tube 
placed  1  cm  above  the  burner  top. 

Figure  9.  Schlieren  photograph  of  a  fuel-rich  (F/0  =  .17)  air- 

acetylene  flame  with  a  N2  sheath  of  7  L/min.  Flame  is 
separated  at  base  and  very  turbulent. 
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